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include  mechanical  trauma,  microbial  invasion,  chemical 
damage  and  entry  of  allergens.    Similarly,  the  anterior 




which  also  secretes  defensive  mucous.    In  other  words, 
epithelia very often function as protective barrier tissues.   


























surprisingly,  the  study  of  human  keratinizing  disorders 





THE STRUCTURAL MOLECULES WITHIN 
EPITHELIAL CELLS
Intermediate  filaments  are  a  large  group  of  structurally 
resilient polymeric proteins that impart mechanical strength 
to cells1, as shown in Figure 1.  The keratins are specialised 
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many  important  tissues  in  the  body  and  are  constructed 
from these cells.  Within these cells is a dense meshwork of 
strengthening fibres made from keratin and keratin-associated 























its  identification  by  early  molecular  genetics  techniques.   










mutant  keratins  were  expressed  in  cultured  keratinocyte 
cell lines showed that these defective proteins led to major 
structural  defects  of  the  cytoskeleton11,12.    In  a  landmark 
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The  various  clinical  subtypes  of  EBS  were  shown  to  be 
due  to  mutations  in  particular  functional  domains  of  the 




domain17,18.    These  mutations  interfere  with  end-to-end 
association  of  the  keratin  subunits  in  the  assembly  of 
keratin intermediate filaments19.  Mutations outside of these 




















The  discovery  of  keratin  mutations  in  EBS  conclusively 
demonstrated that the primary function of the intermediate 
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within  the  keratinocyte  –  a  hitherto  unknown  function 
of  the  intermediate  filament  cytoskeleton.    In  addition,  a 
specific sub-set of mutations in the K14 gene have recently 
been  linked  to  Nageli-Franscetti-Jadassohn  syndrome,  an 
ectodermal  dysplasia  where  interestingly,  patients  lack 
dermatoglyphs (fingerprints) but do not have skin blistering28.   





























































by  the  keratins  involved  and  their  differentiation-specific 
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follicle,  which  is  the  most  complex  epithelial  structure 
in  terms  of  its  cellular  complexity  and  patterns  of  gene 
expression.    Three  hair  keratin  genes  HB1,  HB3  and 
HB6 have been shown to be mutated in different families 
with  the  hereditary  hair  fragility  and  alopecia  syndrome 























ectodermal  dysplasia,  Ahmad  and  co-workers  identified 

























KERATIN-ASSOCIATED PROTEINS IN HUMAN 
DISEASE
In  1996,  the  first  mutations  were  described  in  the  gene 







in  skin  and  muscle  due  to  recessive  mutations  leads  not 
only to skin blistering but also to muscle wasting in a rare 
disease known as EBS with muscular dystrophy, EBS-MD.   
The plectin gene is not only large but has an unusual, highly 






a  number  of  other  keratinizing  disorders  were  linked  to 
other proteins that associate with keratins.  One example 
with a strong Ulster connection was the discovery of the 
first  desmoplakin  mutations  in  striate  keratoderma  by 
dermatologist Keith Armstrong and geneticist Anne Hughes 
and  their  colleagues  in  Belfast60.    Desmoplakin  helps 
link  the  keratin  cytoskeleton  of  adjacent  cells  through  a 
transmembrane structure known as the desmosome.  This 




DEFECTS OF THE STRATUM CORNEUM – FROM 
























to  skin  barrier  function6.    This  protein-lipid  rich,  highly 
resilient material forms the outermost skin barrier function 
which not only helps prevent water loss but also prevents 






























FILAGGRIN IN ICHTHYOSIS VULGARIS AND 
ATOPIC DISEASE
A survey of English schoolchildren in the 1960s reported 
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atopic  dermatitis  (AD),  commonly  known  as  eczema69,70.   
AD is a chronic inflammatory skin condition affecting about 
20% of children in the developed world (Fig 12).  It is often 








The  cytoplasm  of  the  outermost  cell  layers  of  the  living 
epidermis, the granular cell layers, is filled with keratohyalin 
granules which are primarily composed of the giant precursor 
protein  profilaggrin.    In  the  last  layer  of  living  granular 
cells,  profilaggrin  is  enzymatically  cleaved  into  multiple 
copies of the filaggrin peptide.  The liberated filaggrin binds 






systems  that  include  calcium  binding,  proteases,  protease 
inhibitors and phosphorylation/dephosphorylation. Following 









only  became  clear  when  we  reported  the  first  IV-causing 
filaggrin mutations in 200673.  The filaggrin gene is incredibly 




















filaggrin  gene  i.e.  they  inactivate  the  gene  completely. 
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severe and persistent in nature and so genetic testing for 
these mutations, which we can now do quickly and cheaply, 
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